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SUMMARY 
The aerodynamics of a helicopter blade is very complex. In forward 
flight, transonic flow may be present on the advancing side while, on the 
retreating side, dynamic stall is a problem. These two effects severely 
limit the forward-flight speed of a helicopter. The most difficult aspect of 
the rotor problem is the wake. Since most of the lift of a helicopter blade is 
generated near the tip of the blade, a very strong tip vortex is formed. This 
tip vortex induces a large downwash which has a significant effect on the 
blade loads. Thus, in addition to solving the equations which govern the 
flow, the wake effects must be included. 
A solution procedure for the unsteady, three-dimensional Navier-
Stokes equations has been developed and applied to helicopter rotors. The 
procedure is an efficient hybrid ADI scheme in which the radial and viscous 
terms are treated explicitly. This procedure solves the Navier-Stokes 
equations in a time-accurate manner. Steady solutions are obtained by 
marching through time and asymptotically converging to steady state. The 
procedure was originally developed for the Euler equations, and upgraded for 
the Navier-Stokes equations. Turbulence is included by an algebraic eddy-
viscosity model. An unsteady grid is utilized to incorporate the blade 
motion. Arbitrary motions due to cyclic pitch, flapping, lead-lag motions 
and aeroelastic deflections can also be incorporated into the unsteady grid 
terms. The equations are formulated for a curvilinear coordinate system, 
enabling completely arbitrary rotor-blade geometries. To account for the 
effect of the rotor wake, the transpiration-velocity technique is used. 
Since the solver includes all . effects of viscosity and compressibility, it 
may be used to compute the flow on the advancing, or retreating, side of the 
rotor. Currently, retreating-side calculations are a too demanding for 
present-day computers. 
Initially, as a test of the flow solver in the transonic regime, 
quasi-steady Euler calculations were made for a high-speed nonlifting ONERA 
blade. Unsteady Euler and Navier-Stokes calculations were also performed 
for this configuration to examine the viscous and unsteady effects. Lifting 
hover results have been. made for a two-bladed rotor with 0012 blade airfoil 
sections. For this case, a detailed comparison with experimental results in 
the tip region is done. Also, unsteady Euler results have been obtained for a 
lifting OLS rotor. 
